with the values that Northrop had obtained by similar measurements [6] . A frequency range from 3.0 to 7.0 GHz was chosen and measurements were taken at 0.5 GHz increments. To obtain the dispersion characteristics, a thin, dielectric alumina rod with a metallic cap on the end was inserted from one side of the helix along the axis of the structure by means of a micrometer feed.
As the rod is translated along the helix axis, a change in phase of the reflected wave parameter (Sll or $22 depending on which side the rod was inserted) occurs.
Since each 360 degree phase shift corresponds to one-half the electrical wavelength, the wavelength for a specified frequency is twice the average distance the rod has moved for a 360 degree phase shift. The relative phase velocity is given as the ratio of the electrical wavelength to the free space wavelength. $ 
C. Wavelength and Frequency Shift Measurements
The frequency shifts of the local maxima and minima due to the perturbing effects of the 0.031 inch alumina dielectric rod were then measured. The interaction impedances were calculated using a basic formula depending on the group velocities, frequency shifts, and dielectric rod parameters.
IU. COMPUTER MODELING

A. MAFIA Helix Model
One period of the actual Northrop C-band helix circuit was modeled using the computer code, MAFIA, as shown in Fig. 5 . The coordinate system chosen was the rfz or cylindrical coordinate system. The three dielectric support rods were more easily modeled as small degree wedges with a slightly smaller effective width near the helix. This will result in a dielectric support rod cross-sectional area that is very nearly the same as that of the actual rod.
HAFIA ........... The helical-groove structure can be fabricated more easily than a helix structure since it has no support rods, although dielectric loading could be used to shape the dispersion characteristics. It has a much more robust construction than the helix structure of similar dimensions and would survive events catastrophic for a helix device.
Furthermore, the radial dimensions of the helical-groove can be made larger than those of the helix for high frequency operation. The magnetic focusing required for such a device could be relaxed for operation within a certain frequency range in comparison to that for a helix device in which the electron beam cross-sectional area would have to be smaller for operation in the same frequency range. The helical-groove structure would exhibit a higher bandwidth compared to coupled-cavity structures and a higher power capability compared to helix-type structures. Also for similar dimensions, the interaction impedance of the helical-groove is higher than the helix, especially at low wavenumbers, but since this structure has properties related to the coupled-cavity, the operation of an electronbeam device of this type would require much higher beam voltages.
